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Glycylglycine has been synthesized by the following methods: 
(1) glycine — glycine ester hydrochloride — glycine ester --> 
glycine anhydride — glycylglycine; (2) glycine — glycine acid 
chloride hydrochloride — glycylglycine; (3) chloroacetic acid and 
ammonia —> glycylglycine (when the ammonia is removed by 
evaporation in the presence of calcium hydroxide); (4) glycine- 
toluenesulfoglycine hydrazide —» toluenesulfoglycylglycine — gly- 
cylglycine; (5) glycine —> chloroacetylglycine — glycylglycine. 

The first synthesis is well known and quite satisfactory. Gly- 
cine ester may be liberated from the hydrochloride by silver oxide 
(1, 2), sodium hydroxide (3), or barium hydroxide (4-6). Lead 
oxide (7) has been used for some ester hydrochlorides but it gives 
poor results with glycine. Glycine ester spontaneously decom- 
poses to glycine anhydride (2) which is recrystallized to remove the 
contaminating biuret base (8, 9). Glycine anhydride has been 
prepared by heating glycine with glycerol (10). On hydrolysis 
with hydrochloric acid (11) or sodium hydroxide (12) glycine 
anhydride yields glycylglycine. 

Method 2 was used by Fischer (13) for the preparation of a 
number of peptides but it appears that glycylglycine was not syn- 
thesized by this procedure. The hydrochloride of glycyl chloride 
was identified by the chlorine analysis and by its reaction with 
absolute alcohol to form the hydrochloride of glycine ester. Also 
later workers (14, 15) claim to have isolated glycyl chloride hydro- 
chloride but no analytical proof is presented. In our work in 
which the conditions set forth by Fischer were followed with ex- 
treme care the product obtained in three experiments was shown by 
amino nitrogen and chloride analyses to be glycine hydrochloride. 
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The authors of Method 3 (16) have presented no convincing evi- 
dence that glycylglycine is actually produced. 

The use of protective radicals in the synthesis of peptides has 
been extensively investigated. Curtius (17) and Fischer (18) 
found that the benzoyl and the carbethoxy groups could not be 
removed from the peptide without causing deep seated changes in 
the molecule. Abderhalden and Méller (19) have shown that cer- 
tain other radicals retard the hydrolysis of the peptide and Schén- 
heimer (20) was able to prepare glycylglycine in about 90 per cent: 
yield by heating its toluenesulfo derivative with hydriodie acid 
and phosphonium iodide (Method 4). These results are some- 
what surprising since Colles and Gibson (21) obtained only 17 per 
cent hydrolysis of p-toluenesulfoalanine with constant boiling 
hydrochloric acid. 

Method 5 has been used more than any other for the preparation 
of peptides although in the synthesis of glycylglycine only the 
intermediate chloroacetylglycine has been reported (22). A simpli- 
fied preparation of glycylglycine is described in the present paper. 


Preparation of Glycylglycine 


50 gm. (3 m) of crude glycine are dissolved in 670 ec. (half the 
theoretical amount) of n sodium hydroxide and the mixture cooled 
to 2-3°. 60 ce. (25 per cent excess) of freshly distilled chloroacety! 
chloride and 750 ce. of N sodium hydroxide are added in alternate 
portions to the reaction mixture. ‘The latter is stirred constantly 
and kept at about 5° by means of a freezing mixture. About 2 
hours are required for these manipulations. 

The solution is acidified with hydrochloric acid, 5 cc. excess of N 
hydrochloric acid added, and then it is evaporated to about 200 cc. 
The precipitated sodium chloride (about 35 gm.) is filtered on a 
Buchner funnel and the filtrate thoroughly mixed with 4 liters of 15 
N ammonium hydroxide. After this solution has stood for about 
18 hours it is evaporated to about 1 liter and then vacuum-distilled 
at about 40° to a residual volume of approximately 175 cc. The 
latter is mixed with 200 cc. of hot, 85 per cent methyl alcohol and 
filtered on a Buchner funnel. The filtrate is transferred to a 
beaker, mixed with 2 volumes of 95 per cent methyl] alcohol, and 
then 300 ec. of diethyl ether are added slowly with stirring to the 
yellow, translucent solution to precipitate the crude glycylglycine 
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as a dark, yellow oil which changes rapidly to a pasty mass. After 
standing for an hour the ether-alcohol layer is decanted and the 
solid cake is ground in a mortar and dissolved, by careful heating, 
in about 75 ce. of distilled water. 10 volumes of 95 per cent 
methyl! alcohol are added and, after standing in the ice box for 5 or 
6 hours, the precipitated glycylglycine is filtered. After about 
four crystallizations the peptide is obtained as a tasteless, white 
solid free from chloride ions. The yield is about 45 per cent of 
theory. As described by Fischer and Fourneau (11) it crystallizes 
in small tetrahedric leaves with a lustrous ball in the center. 

The melting point is given by Fischer and Fourneau as 215-220° 
with browning and by Siegfried (23) as 235-236° (corrected). 
When determined by the usual capillary tube method our product 
browns at 202° and is charred at 221° but the true decomposition 
point is believed to be 260-262°. The latter value was obtained 
by a new procedure described in the following paper. 


Analysis—-Calculated for CsH,03Ne2, N 21.2; found (Kjeldahl) 21.0, (Van 
Slyke) 14.5, 14.5. 


The latter figures are 136.8 per cent of the theoretical value 
(10.6 per cent). The abnormalities previously reported (20, 24, 
25) range from 125 to 138 per cent. 


Addendum—Since this paper was sent to press we find that Freudenberg 
(26) has obtained glycylglycine in good yield by hydrolyzing glycine an- 
hydride with 10 per cent ammonia in a pressure flask. Bergman and Zervas 
(27) have utilized the carbobenzoxy radical for the synthesis of dipeptides 
although glycylglycine was not prepared. 
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